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TECHNICAL MEMORANDUM 

I N T R O D U C T I O N  

M e t h ~ d i c  apprnaches  t.n safety on large complex p ro -  
grams u s u a l l y  r e q u i r e  a s y s t e m a t i c  i d e n t i f i c a t i o n  o f  h a z a r d s  
as a f i r s t  s t e p  toward  t h e i r  a v o i d a n c e  or c o n t r o l .  For t h i s  
p u r p o s e ,  h a z a r d s  a re  d e f i n e d  as u n d e s i r a b l e  c o n d i t i o n s  or e v e n t s  
t h a t  t h r e a t e n  t h e  i n t e g r i t y  o f  equipment  a n d / o r  t h e  w e l l  b e i n g  
o f  a s s o c i a t e d  p e r s o n n e l .  

A s  p a r t  o f  r e c e n t  s a f e t y  s t u d i e s ,  a number o f  worke r s  
and o r g a n i z a t i o n s  i n  t h e  a e r o s p a c e  community have p r e p a r e d  
l i s t s  o f  c o n d i t i o n s  or e v e n t s  t h a t  may t h r e a t e n  s a f e t y  on manned 
s p a c e  programs.  Comparison o f  f i v e  such  e f f o r t s  s u g g e s t s  t h a t  
t h e r e  are  areas o f  agreement ( o v e r l a p ) ,  d i f f e r e n c e s  i n  e m p h a s i s  , 
and v o i d s  i n  cove rage  among t h e  l i s t s .  The l i s t i n g s  r a n g e  from 
imprope r  d e s i g n  or t r a i n i n g ,  t h r o u g h  e x p l o s i o n  or f i r e ,  t o  an  
i n a b i l i t y  t o  a s c e n d  from t h e  l u n a r  s u r f a c e .  The n a t u r e  o f  
each l i s t  a p p e a r s  t o  r e f l e c t  t h e  background and p h i l o s o p h y  
o f  t h e  l i s t e r  and t h e  purpose  f o r  which t h e  l i s t  was g e n e r a t e d .  

I n  a n  e f f o r t  t o  u n d e r s t a n d  and r e l a t e  t h e  v a r i o u s  
i tems i d e n t i f i e d  i n  t h e  l i s t s ,  a model of a s p a c e  f l i g h t  
emergency was deve loped  by c o n s i d e r i n g  a m i s s i o n  sequence .  
k3ased on t h e  deve loped  m i s s i o n  sequence  a s e t  of' c a t e g o r i e s  
o f  h a z a r d s  ( a n d  r e l a t e d  m i s s i o n  e v e n t s )  was d e f i n e d .  These 
c a t e g o r i e s  were t h e n  "seeded" w i t h  t h e  i t e m s  i d e n t i f i e d  i n  
t h e  f i v e  s e l e c t e d  a e r o s p a c e  s a f e t y  e f f o r t s .  F i n a l l y ,  t h e  
model of  a s p a c e  f l i g h t  emergency was used  to d e f i n e  c l a s s e s  
O f  s a f e ty  measu res .  I n  t h e  p r o c e s s  o f  modcl ing  a manned s p a c e  
f l i g h t  emergency,  models o f  a g e n e r a l i z e d  s y s t e m s  emergency 
a n d  a t e s t  or s i m u l a t i o n  emergency were a l s o  d e f i n e d .  

I f  t h e  approach  t o  h a z a r d s  c l a s s i f i c a t i o n  d e s c r i b e d  
h e r e i n  p r o v e s  v a l i d ,  i t  cou ld  be used  as a s t a r t i n g  p o i n t  f o r  
g e n e r a t i o n  o f  working  c h e c k l i s t s  t h a t  c o u l d  b e  u s e f u l  t o  v a r i o u s  
p rogram e l e m e n t s  f o r  improving  f l i g h t  s a f e t y  i n  a manned 
a e r o s p a c e  program. 
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OBJECTIVE 

The o b j e c t i v e  o f  t he  e f f o r t  was t o  i d e n t i f y  s u i t a b l e  
h a z a r d s  c a t e g o r i e s  for manned s p a c e  f l i g h t  programs and t o  
b e g i n  c o m p i l a t i o n  o f  c h e c k l i s t s  t h a t  would be o f  i n t e r e s t  and 
a s s i s t a n c e  t o  t h e  e l e m e n t s  and o r g a n i z a t i o n s  t h a t  a d d r e s s  
s a f e t y  on l a r g e  space  programs.  The program e l e m e n t s  c o n s i d e r e d  
were : (1) Agency Management, ( 2 )  Program Management, ( 3 )  Space 
V e h i c l e  Des ign ,  (4) S t a g e  o r  Module Des ign ,  (5) System Des ign ,  
( 6 )  Component Des ign ,  ( 7 )  Miss ion  P l a n n i n g ,  and  ( 8 )  S a f e t y  
E n g i n e e r i n g .  D e s c r i p t i v e  s t a t e m e n t s  f o r  t h e s e  e l e m e n t s  w i l l  

~f t h e  c h e c k l i s t s  may be  found i n  Attachicefit A .  L1lc UI/LILuY 

v a r y  as t h e  program p r o g r e s s e s  f rom t h e  i n c e p t i o n  p h a s e ,  
t h r o u g h  d e s i g n ,  manufac tu re ,  a n d  t e s t ,  t o  o p e r a t i o n a l  u sage .  

mL.n . . + 4  1 < C t r  

MANNED SPACE FLIGHT EMERGENCY 

Although o u r  i n t e r e s t  i s  manned s p a c e  f l i g h t  emergen- 
c i e s ,  i t  i s  u s e f u l  t o  f i r s t  c o n s i d e r  a model o f  a g e n e r a l i z e d  
s y s t e m  emergency. The l i f e  c y c l e  of  a s y s t e m  can  be  c o n s i d e r e d  
t o  have two p h a s e s ;  t h e  p r e - o p e r a t i o n a l  p e r i o d ,  which i n c l u d e s  
d e s i g n  and m a n u f a c t u r e ,  and t h e  o p e r a t i o n a l  p e r i o d .  These 
phases  are i d e n t i f i e d  on t h e  b l o c k  d i ag ram model o f  a g e n e r a l i z e d  
s y s t e m  emergency which i s  shown i n  F i g u r e  1. System emergenc ie s  
o c c u r  i n  t h e  o p e r a t i o n a l  p e r i o d  and b e g i n  w i t h  some i n i t i a l  
impa i rmen t .  The i n i t i a l  impairment  ( t r i g g e r )  i s  caused  e i t h e r  
by an o p e r a t i o n a l  r i s k  ( u s u a l l y  u n a v o i d a b l e ) ,  or by a p r e -  
o p e r a t i o n a l  p e r i o d  c a u s e  ( u s u a l l y  p r e v e n t a b l e )  t h a t  can  b e  
t r a c e d  t o  an  a c t  of  omiss ion  or commission i n  t h e  pre-opera-  
t i o n a l  p e r i o d .  The i n i t i a l  f a i l u r e  may p r o p a g a t e  and can  re-  
s u l t  i n  a sys t em d e g r a d a t i o n .  The s e v e r i t y  o f  t h e  r e s u l t i n g  
s i t u a t i o n  depends on t h e  s y s t e m  f u n c t i o n s  i n v o l v e d  and t h e  
e x t e n t  t o  which t h e y  a r e  degraded .  The degraded  s y s t e m  c o u l d  
have  some r e s i d u a l  c a p a b i l i t y  b u t  might  l a t e r  s u f f e r  f u r t h e r  
i n i t i a l  impa i rmen t -p ropaga t ion  c y c l e s .  O p e r a t i o n  o f  t h e  s y s t e m  
a t  i t s  r e d u c e d  c a p a b i l i t y  w i l l  l e ad  t o  a l o w e r  r e s u l t i n g  s y s t e m  
pe r fo rmance .  I n  t h e  c a s e  o f  manned sys t ems  t h e  o p e r a t i n g  
p e r s o n n e l  a re  a pa r t  of  t h e  s y s t e m  and  may b e  i m p a i r e d  i n  t h e  
c o u r s e  o f  a n  emergency. 

With minor  word changes F i g u r e  1 c a n  b e  t a i l o r e d  t o  
r e p r e s e n t  t h e  c o r r e s p o n d i n g  e l e m e n t s  o f  a manned s p a c e  f l i g h t  
emergency.  I n  F i g u r e  2 each e l emen t  b l o c k  has been expanded t o  
show, i n  t h e  c o n t e x t  o f  Apollo t e c h n o l o g y ,  t h e  t y p e s  o f  e v e n t s ,  
c o n d i t i o n s ,  or c a p a b i l i t i e s  t h a t  a re  c o v e r e d  by  e a c h  e l e m e n t .  

A s p a c e  f l i g h t  emergency i s  c o n s i d e r e d  t o  b e g i n  w i t h  
a n  I n i t i a l  Impairment  ( T r i g g e r )  which can  b e :  (1) a component 
f a i l u r e ,  ( 2 )  a crew o r  ground p e r s o n n e l  e r r o r ,  or ( 3 )  a crew 
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impa i rmen t .  These impai rments ,  most l i k e l y  minor  i n  t h e m s e l v e s ,  
a re  t r a c e a b l e  e i t h e r  t o  ivIission P e r i o d  R i s k s  or t o  Pre-Miss ion  
P e r i o d  Causes o f  t h e  t y p e s  i n d i c a t e d .  Once i t  has o c c u r r e d ,  a n  
I n i t i a l  Impairment may b e  c o n t a i n e d  or p r o p a g a t e d  i n  v a r i o u s  
f a s h i o n s  t o  a d v e r s e l y  a f f e c t  t h e  crew and equipment .  I n  t i m e ,  
p r o p a g a t i o n  o f  t h e  I n i t i a l  Impairment  w i l l  s t o p  or become 
s t a b i l i z e d .  The e f f e c t s  on t h e  s y s t e m  can  be d e s c r i b e d  i n  
terms o f  t h e  S t a t e  o f  Crew and Equipment,  which i n  t u r n  w i l l  
d e t e r m i n e  t h e  subsequen t  Mission P r o g r e s s i o n .  The n a t u r e  
o f  t h e  Miss ion  P r o g r e s s i o n  w i l l  e s t a b l i s h  t h e  End R e s u l t  o f  
t h e  m i s s i o n .  Subsequent  ( i n i t . i a 1 )  impai rments  c o u l d  c y c l e  
t h r o u g h  t h e  sys t em w i t h  f u r t h e r  s y s t e m  d e g r a d a t i o n  and less  
f a v o r a b l e  end r e s u l t s .  Those i tems which f a l l  unde r  Miss ion  
P e r i o d  R i s k s ,  Pre-Miss ion  P e r i o d  Causes and P r o p a g a t i o n  a re  
a p t l y  termed h a z a r d s  as t h e y  e i t h e r  b r i n g  abou t  t h e  i n i t i a l  
impai rment  or c a u s e  i t  t o  expand i n t o  a s i t u a t i o n  t h a t  t h r e a t e n s  
t h e  m i s s i o n .  

An I n i t i a l  Impairment i s  n o t  c o n s i d e r e d  a hazard  b u t  
i s  a n  e v e n t  which can  r e s u l t  f rom hazards i n  t h e  Miss ion  P e r i o d  
R i s k  or Pre-Mission P e r i o d  Causes  c a t e g o r i e s .  The S t a t e  o f  
C r e w  and Equipment i s  t h e  r e s u l t  o f  a n  I n i t i a l  Impairment  and 
t h e  a c t i o n  o f  P r o p a g a t i o n  h a z a r d s .  Items i n  t h i s  c a t e g o r y  
can  bes t  b e  d e s c r i b e d  as emergenc ie s .  Miss ion  P r o g r e s s i o n  
i s  t h e  n e x t  s t e p  i n  t h e  sequence .  It i s  n o t  c a t e g o r i z e d  as 
a h a z a r d .  

The model o f  a g e n e r a l i z e d  sys t em emergency d e p i c t e d  
i n  F i g u r e  1 c o u l d  be mod i f i ed  f o r  u s e  i n  programs or o p e r a t i o n s  
o t h e r  t h a n  manned s p a c e  f l i g h t .  F i g u r e  3 i s  a v a r i a t i o n  o f  
F i g u r e  1 t a i l o r e d  t o  t h e  e l emen t s  o f  manned t e s t  emergency.  
F i g u r e  3 i s  p r o v i d e d  as an  example and i s  n o t  deve loped  f u r t h e r  
i n  t h i s  memorandum. 

SPACE FLIGHT EMERGENCY STUDIES AND HAZARDS ANALYSES 

A s  a t e s t  e x e r c i s e ,  t h e  set  o f  c a t e g o r i e s  d e f i n e d  i n  
F i g u r e  2 was used  as a basis f o r  t h e  c l a s s i f i c a t i o n  o f  s ampl ing  
o f  h a z a r d s  ( a n d  i tems  n o t  c o n s i d e r e d  h a z a r d s  h e r e i n )  p r e v i o u s l y  
i d e n t i f i e d  b y  o t h e r s .  For  t h i s  p u r p o s e ,  documents deve loped  by  
(1) t h e  Rand C o r p o r a t i o n ,  ( 2 )  t h e  Aerospace C o r p o r a t i o n ,  ( 3 )  t h e  
Teague Subcommittee on NASA O v e r s i g h t  o f  t h e  Committee on 
S c i e n c e  and  A s t r o n a u t i c s ,  U .  S. House o f  R e p r e s e n t a t i v e s ,  ( 4 )  t h e  
U n i t e d  S t a t e s  A i r  F o r c e ,  and ( 5 )  t h e  Genera l  E l e c t r i c  Company, 
were s e l e c t e d  as r e p r e s e n t a t i v e  s o u r c e s .  The documents are  
f u l l y  i d e n t i f i e d  i n  Attachment B,  and t h e  p r i n c i p a l  h a z a r d s  and 
e m e r g e n c i e s  n o t e d  i n  each work are shown on Tab le  1. The documents 
had somewhat d i f f e r e n t  o b j e c t i v e s  and p l a c e d  emphas is  on v a r i o u s  
a s p e c t s  o f  s p a c e  f l i g h t  emergenc ie s .  

The Rand and  Aerospace s t u d i e s  b o t h  examined w a y s  o f  
c o n f i g u r i n g  a s p a c e  s y s t e m  to r e d u c e  t h e  r i sks  o f  manned s p a c e  
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f l i g h t .  The Rand r e p o r t  p o i n t e d  o u t  t h e  t h r e e  u n d e r l y i n g  t h r e a t s  
t o  l i f e  : m e t a b o l i c  d e p r i v a t i o n ,  e x c e s s i v e  p h y s i o l o g i c a l  s t resses ,  
and chemica l  or p h y s i c a l  i n j u r y .  Emergencies  t h a t  c o u l d  c a u s e  
these  t h r e a t s ,  and s y s t e m s  which most e f f e c t i v e l y  c o u n t e r a c t  t h e  
t h rea t s  are  n o t e d .  The Aerospace r e p o r t  i s  more s p e c i f i c  t h a n  
t h e  Rand s t u d y  w i t h  r e s p e c t  t o  equipment  f a i l u r e s  and a l s o  d e v e l o p s  
means o f  p r e v e n t i n g  and c o u n t e r a c t i n g  t h r e a t s  t o  t h e  crewmen's 
l i v e s .  

The "Teague" r e p o r t  i s  a c o m p i l a t i o n  and summary o f  
r e p l i e s  t o  a q u e s t i o n n a i r e  s e n t  b y  t h e  Teague Subcommittee on 
NASA O v e r s i g h t  t o  v a r i o u s  i n d u s t r i a l  c o n c e r n s  and government 
a g e n c i e s  working  i n  t h e  a e r o s p a c e  f i e l d .  The q u e s t i o n n a i r e  
asked f o r  i n f o r m a t i o n  on any s t u d i e s  t h a t  may have been per -  
formed r e l a t i v e  t o  s p a c e  f l i g h t  emergenc ie s .  The r e s p o n s e s  t o  
t h e  q u e s t i o n n a i r e  g e n e r a l l y  were concerned  w i t h  means o f  c o u n t e r -  
a c t i n g  s p e c i f i c  emergenc ie s .  Many o f  t h e s e  emergenc ie s  i d e n t i -  
f i e d  i n  t h e  Teague r e p o r t  are s imi la r  t o  t h o s e  n o t e d  i n  t h e  
Rand and Aerospace r e p o r t s .  

T h e  A i r  Fo rce  and Genera l  E l e c t r i c  Company r e p o r t s  
are  e s s e n t i a l l y  c o m p i l a t i o n s  o f  v a r i o u s  h a z a r d s  or emergenc ie s  
t h a t  may t h r e a t e n  t h e  l i v e s  o f  s p a c e  f l i g h t  c rews .  The A i r  
Fo rce  Repor t  was based on a n  e x t e n s i v e  s t u d y  o f  h a z a r d s ,  i n -  
c l u d i n g  c a u s e s  and t h e  p o r t i o n  o f  t h e  o p e r a t i o n a l  sequence  
d u r i n g  which a g i v e n  h a z a r d  i s  c r i t i c a l ,  and t h e  components 
a f f e c t e d .  The GE h a z a r d  r e p o r t  drew on t h e  company's e x p e r i -  
e n c e  i n  Apol lo  r e l i a b i l i t y  a c t i v i t i e s  and t h e  c a u s e s  o f  some 
o f  t h e  l i s t e d  h a z a r d s ,  and i n c l u d e d  t h e  components t h a t  are  
t h r e a t e n e d  by  a g i v e n  haza rd .  

A s  can  be s e e n  i n  T a b l e  1, t h e r e  were b o t h  s i m i -  
l a r i t i e s  and d i f f e r e n c e s  among t h e  f i v e  works w i t h  r e s p e c t  
t o  t h e  i tems t h a t  were i d e n t i f i e d  as h a z a r d s  or t h r e a t s  t o  t h e  
crew or equipment .  

CLASSIFICATION OF HAZARDS 

T a b l e  2 i s  a l i s t i n g  o f  t h e  i tems shown i n  Tab le  1 
a r r a n g e d  t o  i n d i c a t e  t h e  document t h a t  i d e n t i f i e d  e a c h  i t e m  
and  t h e  c a t e g o r y  or c a t e g o r i e s  i n t o  which e a c h  i t e m  i s  
b e l i e v e d  t o  f a l l .  Some i t ems  f a l l  i n t o  t h e  t h r e e  h a z a r d s  c a t e -  
g o r i e s  ( M i s s i o n  P e r i o d  R i s k s ,  Pre-Miss ion  P e r i o d  Causes  and 
P r o p a g a t i o n )  whereas  o t h e r s  have been  c l a s s i f i e d  as I n i t i a l  
Impa i rmen t ,  S t a t e  o f  Crew and Equipment and Miss ion  P r o g r e s s i o n  
( f o u r  f o o t n o t e d  c a s e s ) .  I n  many c a s e s ,  c l a s s i f i c a t i o n  o f  a 
h a z a r d  i n  more t h a n  one c a t e g o r y  r e f l e c t s  u n c e r t a i n t y  con- 
c e r n i n g  t h e  p r e c i s e  meaning of  t h e  t e r m i n o l o g y  used  b y  t h e  i d e n t i -  
f i e r .  The i d e n t i f i e d  h a z a r d s  are  i n  some c a s e s  b r o a d  and i n -  
c l u s i v e  and  i n  o t h e r  c a s e s  v e r y  nar row and s p e c i f i c .  
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T a b l e s  3 ,  4 ,  and 5 are  examples  o f  h a z a r d s  c h e c k l i s t s  
showing t h e  h a z a r d s  i d e n t i f i e d  i n  T a b l e  2 f o r  e a c h  major  h a z a r d s  
c a t e g o r y .  E n t r i e s  a r e  a r r a n g e d  a c c o r d i n g  t o  subgroups  shown i n  
F i g u r e  2 .  Where groups  were v a c a n t ,  t y p i c a l  h a z a r d s  were s u p p l i e d  
b y  t h e  w r i t e r .  Voids were most a p p a r e n t  i n  t h e  Under ly ing  Causes 
c a t e g o r y .  Elements  o f  a manned s p a c e  program (Appendix A )  t h a t  
might  u s e  e a c h  c h e c k l i s t  a r e  a l s o  n o t e d .  

T a b l e s  6 and 7 a r e  s i m i l a r  c o m p i l a t i o n s  o f  I n i t i a l  
Impai rments  and S t a t e s  o f  Crew and Equipment b a s e d  on t h e  
i n f o r m a t i o n  p r e s e n t e d  i n  T a b l e  2 .  

The c h e c k l i s t s  (Tab le s  3-7) a re  n o t  p r e s e n t e d  as 
comple t e .  They c o u l d ,  however, p r o v i d e  a s t a r t i n g  p o i n t  f o r  
a more e x t e n s i v e  h a z a r d  c o m p i l a t i o n  e f f o r t .  

SAFETY MEASURES 

F o r  many i d e n t i f i e d  h a z a r d s  t h e r e  i s ,  a t  l e a s t  i n  
t h e o r y ,  a means o f  p r e v e n t i n g  them. The means can  be  c l a s s e d  
as a p r e v e n t i v e  s a f e t y  measure.  Other  s a fe ty  measures  aimed 
a t  c o p i n g  w i t h  e m e r g e n c i e s ,  Once t h e y  have o ~ c i i r r e d ~  awe c l a s sed  
as remedial .  Although t h e  m o d e l  o f  a manned s p a c e  f l i g h t  
emergency ( F i g u r e  2 )  was developed  as a n  a i d  t o  t h e  c l a s s i f i -  
c a t i o n  of h a z a r d s ,  i t  a l s o  p r o v i d e s  a basis  f o r  t h e  c l a s s i f i -  
c a t i o n  o f  s a f e t y  measu res .  

F i g u r e  4 i s  a c o n d e n s a t i o n  o f  F i g u r e  2 t o  which has 
been  added a summary o f  t y p e s  o f  A p p l i c a b l e  S a f e t y  Measures .  
P r e v e n t i v e  s a f e t y  measures  f o r e s t a l l  h a z a r d s  c lassed as Miss ion  
R i s k s ,  Under ly ing  Causes  and P r o p a g a t i o n .  Examples o f  p r e -  
v e n t i v e  s a f e t y  measures  wh ich  r e d u c e  Miss ion  P e r i o d  R i s k s  a r e :  
a )  b e t t e r  a n a l y s i s  and d i s t r i b u t i o n  o f  e x i s t i n g  d a t a ,  b )  new 
knowledge,  data  and u n d e r s t a n d i n g ,  and c )  h i g h e r  r e l i a b i l i t y  
g o a l s .  From t h e  s t a n d p o i n t  o f  t h e  Apol lo  program,  t h e  
S u r v e y o r  program was a safe ty  measure which r e d u c e d  Apol lo  
m i s s i o n  r i s k s  b y  p r o v i d i n g  new knowledge,  data and under-  
s t a n d i n g  of  t h e  l u n a r  env i ronmen t .  E s t a b l i s h m e n t  and imple-  
m e n t a t i o n  o f  h i g h  r e l i a b i l i t y  p r a c t i c e s  s h o u l d  r e d u c e  s ta -  
t i s t i c a l  p r o b a b i l i t y  of a n  "expec ted"  m i s s i o n  f a i l u r e .  

The Pre-Miss ion  Pe r iod  Causes  o f  an  I n i t i a l  I m p a i r -  
ment are e l i m i n a t e d  b y  e f f e c t i v e  i m p l e m e n t a t i o n  o f  a v a r i e t y  
o f  good program p r a c t i c e s  and d i s c i p l i n e s .  Some o f  t h e s e  a re  
i d e n t i f i e d  on F i g u r e  4 .  

P r o p a g a t i o n  o f  an I n i t i a l  Impairment  may b e  l i m i t e d  
by i m p l e m e n t a t i o n  o f  s a f e t y  measures  s u c h  as t h o s e  i n d i c a t e d  
on  F i g u r e  4 .  F o r  example ,  a comple t e  l o s s  o f  a s p a c e c r a f t  
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f u n c t i o n  t h r o u g h  p r o p a g a t i o n  o f  a n  I n i t i a l  Impairment  c o u l d  
be avo ided  b y  t h e  p r o v i s i o n  of  a r edundan t  c a p a b i l i t y  f o r  t h e  
f u n c t i o n .  I s o l a t i o n ,  damage c o n t r o l ,  and d e t e c t i o n  c a p a b i l i t y  
impede or a r r e s t  t h e  p r o p a g a t i o n  o f  an  I n i t i a l  Impai rment .  

Two c l a s s e s  o f  r e m e d i a l  s a f e t y  measures  a re  shown 
on F i g u r e  4 .  R e p a i r  and med ica l  a i d  c a p a b i l i t i e s  are t h e  
c l a s s  o f  remedial  s a f e t y  measures  which can  be  used  t o  improve 
t h e  s t a t e  o f  degraded  equipment or i n j u r e d  crew.  Af t e r  t hese  
r e m e d i a l  measures  have been  a p p l i e d  t o  t h e  crew and equipment ,  
t h e  m i s s i o n  w i l l  p r o g r e s s  a s  d i c t a t e d  b y  t h e  r e m a i n i n g  s y s t e m  
c a p a b i l i t i e s  and t h e  second  c l a s s  o f  remedial  measures  t h a t  
a re  a v a i l a b l e ,  i n c l u d i n g  a l t e r n a t e  m i s s i o n  modes, a b o r t ,  es- 
cape , and  r e s c u e .  

The f i v e  c l a s s e s  of s a f e t y  measures  s u g g e s t e d  on 
F i g u r e  4 c o u l d  be  used  as t h e  basis  f o r  an expanded c a t a l o g u e  
o f  manned s p a c e  f l i g h t  safety measures .  

SUMMARY 

The p o i n t  o f  view p r e s e n t e d  i n  t h i s  memorandum i s  
t h a t  a manned s p a c e  f l i g h t  emergency i s  t r i g g e r e d  by some 
( g e n e r a l l y  small)  I n i t i a l  Impairment .  The I n i t i a l  Impairment  
i s  caused  e i t h e r  by  a Mission P e r i o d  R i s k  or a Pre-Mission . 
P e r i o d  Under ly ing  Cause.  Depending on c i r c u m s t a n c e s ,  t h e  I n i -  
t i a l  Impairment  may or may no t  p r o p a g a t e  and b r i n g  a b o u t  a 
degraded  s t a t e  o f  t h e  equipment and /o r  crew. Those c o n d i t i o n s  
or e v e n t s  t h a t  can  b e  c l a s s i f i e d  as Miss ion  P e r i o d  R i s k s ,  P r e -  
M i s s i o n  P e r i o d  Causes ,  or P r o p a g a t i o n  (modes) a re  c o n s i d e r e d  
t o  be h a z a r d s .  S t a t e  o f  Crew and  Equipment ( f o l l o w i n g  a n  
I n i t i a l  Impairment  and P r o p a g a t i o n )  and subsequen t  Miss ion  
P r o g r e s s i o n  are  e l e m e n t s  of  a manned s p a c e  f l i g h t  emergency,  
which i n v o l v e  t h r e a t s  t o  crew s a f e t y ,  a re  n o t  c o n s i d e r e d  as 
h a z a r d s  a s  such .  

P r e v e n t i o n  o f  a n  I n i t i a l  Impairment  and i t s  Propa-  
g a t i o n  s h o u l d  be t h e  p r i m e  o b j e c t i v e s  o f  any s a f e t y  program. 
T h i s  i s  a c h i e v e d  t h r o u g h  a d e q u a t e  d e s i g n ,  good m a n u f a c t u r i n g  
and  t e s t  p r a c t i c e s  and by p r o p e r  m i s s i o n  p l a n n i n g  and s e l e c t i o n  
a n d  t r a i n i n g  o f  p e r s o n n e l .  Remedial s a f e t y  measures  d e s i g n e d  
t o  improve t h e  S t a t e  o f  Crew and  Equipment or t o  e n a b l e  v i a b l e  
M i s s i o n  P r o g r e s s i o n  a re  back-up or a u x i l l a r y  c a p a b i l i t i e s  
u s e d  t o  e x t r i c a t e  t h e  m i s s i o n  and  crew from a degraded  or 
emergency s t a t e .  It i s  c l e a r  t h a t  t h e  adequacy o f  t h e  p r e -  
v e n t i v e  and  r e m e d i a l  sa fe ty  measu res  i s  d i r e c t l y  r e l a t ed  t o  
t h e  e f f e c t i v e n e s s  o f  program management. 

It i s  hoped t h a t  t h e  v iews  p r e s e n t e d  h e r e i n  w i l l  
s t i m u l a t e  t h o u g h t ,  debate  and p e r h a p s  a b e t t e r  u n d e r s t a n d i n g  
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o f  s p a c e  f l i g h t  h a z a r d s ,  emergencies  and  s a f e t y  measures 
and i n  t h i s  manner a s s i s t  t h o s e  program e l e m e n t s ,  p a r t i c u l a r l y  
program and s a f e t y ,  working t o  improve f l i g h t  s a f e t y .  

The c o n t r i b u t i o n s  of Mr. G .  B .  T r o u s s o f f  t o  t h i s  
a n a l y s i s  i s  g r a t e f u l l y  acknowledged. 

2033-JDR-bah 

At tachments  
F i g u r e s  1 - 4  
T a b l e s  1-7 
At tachments  A and B 
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T a b l e  3 

CHECKLIST 

Category  - Miss ion  P e r i o d  R i s k s  ( H a z a r d s )  

D e s c r i p t i o n  - Miss ion  h a z a r d s  which a re  a c c e p t e d  as u n a v o i d a b l e  
g i v e n  e x i s t i n g  a r t  and knowledge. These may b e  
grouped  as f o l l o w s :  

1. Unknown or  unexpec ted  e x t e r n a l  s t r e s ses ,  
envi ronment ,  o r  phenomenon. 

2 .  "Expected" low p r o b a b i l i t y  e v e n t s  o r  f a i l u r e s .  

3 .  Non-p red ic t ab le  d i s e a s e s  o r  d i s o r d e r s ,  

4. Unforeseen  enemy acts aimed a t  d e s t r o y i n g  t h e  
m i s s i o n  o r  a c r i t i c a l  f u n c t i o n .  

5 .  "Act of  God" c a t a s t r o p h i e s .  

C h e c k l j s t  Usage- - Agency Management, Program Management, 
( P r i m a r y )  Ivlission P l a n n i n g  

I d e n t i f i e d  Hazards  
By Group 

1 
Envi ronmen ta l  Hazard 

- Meteoro id  
- R a d i a t i o n  
- Weather  

EVA IIazard 
A c t i v i t y  Induced  Emergency 

2 
Low S t a t i s t i c a l  P r o b a b i l i t y  

Even t  

3 
P e r s o n n e l  I l l n e s s  
P e r s o n n e l  I n j u r y  

4 
S a b o t a g e  - Jamming 
O v e r t  Act of War 

5 
C o l l i s i o n  
S p a c e  D e b r i s  ( C o l l i s i o n )  

I d e n t i f i e r  

R AE' GE 
T 

AF GE T 
AF GE 

T 

T 

K 

R T A  

R A  

GE A 

GE 

Remarks 

N o n - p r e d i c t a b l e  
11  

?I 

11 

11 

I t  

e . g . ,  f a i l u r e  of  a 
h i g h  r e l .  r e s i s t o r  

N o n - p r e d i c t a b l e  
I f  

11  

I 1  

* Added by t h e  w r i t e r  



Table 4 

CHECKLIST 

Category -- - Pre-Mission Period Causes (IIazards) 

Description - Human errors of omission or commission that cause 
stresses, environments, defects, and operational 
difficulties that lead to an initial impairment. 

1. 

2. 

3 .  

4. 

5. 

I 
0. 

Checklist Usage - 
-(Fr.imary)- 

Identified Hazards 
By Group 

Inadequate equipment design - does not meet 
performance or reliability requirements in 
known or predictable mission environment(s). 

Inadequate mission planning and procedures. 

Inadequate protection against damaging or in- 
jurious interactions between equipment and crew. 

Inadequate operational man-machine interfaces. 

Improper or inadequate manufacturing, handling, 
testing, or inspection. 

Inadequate selection and training of personnel. 

1 
Accelerations 
Aerodynamic Loads 
Aerodynamic Heating 
Base Heating 
Corrosion 
Environmental Hazard 
EVA Hazard 
Moisture 
Oxidation 
Radiation 
Replacement, Chemical 
Stress Concentrations 
Stress Reversals 
Vibration and Noise 
Weather 

Program Management, Design, Mission Planning, 
Safety Engineering 

Identifier 

AF GE 
GE 
GE 
CE 
GE AF 

R AF GE 
T 
AF GE 
AF GE 

AF GE T 
AF GE 
AF GE 
AF GE 
AF GE 
GE 

Remarks 

Preventable 
I t  

1t 

11 

I t  

I t  

I t  

t1 

11 

I 1  

t ?  

!I 

? I  

11 



Table 4 (continued) 

Identified Hazards 
By Group 

2 
Crew Task Load t o o  High 
Unclear Procedures 

3 
Electrical Shock 
Electrical-Thermal 
Impact 
Shock 
Activity Induced Emergency 

4 
Crewmen Unable to Properly 
Monitor Indicators because 
of Placement 

5 
Contamination 
Corrosion 
Mechanical Damage to Component 

or Assembly 
Acceptance gf Off-tolerance 

Component (Usually because 
o f  delivery date) 

Moisture 

6 
Crewman not Psychologically 

Crewman Training Incomplete 
Suited for Mission 

Identifier 

* 
AF 

GE 
GE 
GE 
AF GE 
T 

AF 

GE 
GE AF * 

* 

AF GE 

* 
* 

Remarks -- 

Preventable 
I 1  

II 

11 

I 1  

I 1  

I 1  

11  

l l  

11 

11 

I I  

11 

I 1  

*Added by the writer 



Tab le  5 

CIIECKLIST 

Category  - I n i t i a l  Impairment ( T r i g g e r )  

D e s c r i p t i o n  - The f a i l u r e  or e v e n t  i s  t r a c e a b l e  t o  a l’iIission 
R i sk  o r  an  Under ly ing  Cause,  which t r i g g e r s  a n  
emergency. Groups a r e  : 

1. Component F a i l u r e  

2. Crew or Ground P e r s o n n e l  E r r o r  

3 .  C r e w  Impairment 

C h e c k l i s t  Usage - Design ,  PEss ion  P l a n n i n g  
( P r i m a r y )  

I d e n t i f i e d  T r i g , q e r s  -- 
By Group 

1 

F a i l u r e  of  one o r  more 
components - 
t r a n s i s t o r ,  r e s i s t o r ,  
b e a r i n g ,  s e a l ,  g e a r ,  e t c .  

2 

P e r s o n n e l  E r r o r  
E l e c t r i c a l - I n a d v e r t e n t  

A c t i v a t i o n  

3 

C r e w  i s  u n a b l e  t o  p e r f o r m  
n e c e s s a r y  f u n c t i o n s  
b e c a u s e  of i n j u r y  or 
i l l n e s s  o f  one o r  more 
crewmen 

I d e n t i f i e r  

GE R T 
GE 

R 

Remarks 

*Added b y  t h e  w r i t e r  



Table 6 

CHECKLIST 

Category  - P r o p a g a t i o n  (Haza rds )  

D e s c r i p t i o n  _- - The p r o c e s s  th rough  which i n i t i a  
c o n t a i n e d ,  p r o g r e s s i v e l y  i m p a i r s  

impai rment ,  i f  n o t  
t h e  crew,  equipment  

of  a p l a n n e h  m i s s i o n .  The h a z a r d s  o r  s t resses  i n  t h i s  
c a t e g o r y  may b e  grouped a s  f o l l o w s :  

1. None - Impairment c o n t a i n e d .  

2 .  I n t e r n a l l y  g e n e r a t e d  s t resses  t h a t  p r o g r e s s i v e l y  
i m p a i r  t h e  equipment .  

3 .  E x t e r n a l l y  imposed s t resses  t h a t  p r o g r e s s i v e l y  
i m p a i r  t h e  equipment .  

4 .  I n t e r n a l l y  g e n e r a t e d  s t resses  t h a t  p r o g r e s s i v e l y  
i m p a i r  t h e  c rew.  

5 .  E x t e r n a l l y  imposed s t r e s ses  t h a t  p r o g r e s s i v e l y  
i m p a i r  t h e  c rew.  

6 .  Divergence  f rom m i s s i o n  p l a n  o r  b u d g e t .  

C h e c k l i s t  Usage - System Des ign ,  S a f e t y  E n g i n e e r i n g ,  Miss ion  P l a n n i n g  
( P r i m a r y )  

I d e n t i f i e d  Hazards  
By Group 

1 
Impairment  Remains 

L o c a l i z e d  

I d e n t i f i e r  

2 
Base H e a t i n g  
C o r r o s i o n  
D i s s o c i a t i o n ,  Chemical 
E l e c t r i c a l  Over load  
E x p l o s i o n  
F i r e  
Heat & Tempera ture  
Leakage 
S t a g i n g  F a i l u r e  
S t r u c t u r a l  F a i l u r e  
Tempera tu re  Extreme 

GE 
GE AF 
GE AF 

AF GE T 
AF GE T 

AF 
AF GE 

GE 
GE 

AF GE R 

I 

Remarks 

* Added b y t h e  w r i t e r  



Table 6 (continued) 

Identified Hazards 
By Group 

3 
Aerodynamic Loads 
Accelerations 
Cabin Rupture 
C o 11 i. s ion 
Corr o s ion 
Dissociation, Chemical 
Explosion 
Fire 
Fragmentation 
Heat & Temperature 
Impact 
Leakage 
Pressure 
Radiation 
Structural Failure 
Temperature Extreme 
Vibration and Noise 

4 
iJau s e a 
Personnel Illness 

5 
Accelerations 
Chemical Injury 
Collision 
Exp 10s ion 
Exposure 
F i r e  
Fragmentation 
Heat & Temperature 
Impact 
Leakage 
Pres sure 
Radiation 
Smoke 
Temperature 

Identifier 

GE 
AF GE 

A 
GE A 
GE AF 
GE AF 
AF GE T 
AF GE T 

A 
AF 
GE 

AF GE 
AF GE 
AF GE T 

GE 
AF GE R 
AF GE 

GE 
R T A  

AF GE 
GE 

GE A 
GE 
GE 

AF GE T 
A 
AF 
GE 

AF GE 
AF GE 
AF GE T 
AF GE 
AF GE R 

Remarks 



T a b l e  7 

CHECKLIST 

Category  - S t a t e  o f  C r e w  and Equipment 

D e s c r i p t i o n  - The s t a t e  o f  crew and  equipment  a f t e r  p r o p a g a t i o n  
h a s  s t o p p e d  or s t a b i l i z e d  and a v a i l a b l e  m e d i c a l  
and r e p a i r  c a p a b i l i t i e s  have been  u t i l i z e d .  C r e w  
and equipment  may be c l a s s i f i e d  as f o l l o w s :  

C r e w  

a .  Unimpaired 
b .  Modera te ly  impa i red  
e .  S e v e r e l y  impa i red  
d .  Deceased or d y i n g  

Equipment (Pr ime V e h i c l e  & Ground S u p p o r t )  

1. Unimpaired 
2 .  Minor impairment  or degraded  r e l i a b i l i t y  
3 .  Major impairment  
4 .  Des t royed  

C h e c k l i s t  Usage - Agency Management, Program Management, Mis s ion  
( P r i m a r y  ) Plannn ing  

I d e n t i f i e d  S t a t e  
By Group 

a 

No d e g r a d a t i o n  o f  c a p a b i l i t y  

b 

D e h y d r a t i o n  
Moderate  I n j u r y  

C 

Aeroembolism 
B l i n d n e s s  

d 

Anoxia 
S t a r v a t i o n  
Drowning 

I d e n t i f i e r  

GE * 

GE * 

GE 
GE 
GE 

Remarks 

*Added by t h e  w r i t e r  



I d e n t i f i e d  S t a t e  
By Group 

Tab le  7 ( c o n t i n u e d )  

I d e n t i f i e r  

1 

No d e g r a d a t i o n  o f  c a p a b i l i t y  

2 

Cabin Windows p a r t i a l l y  fogged  * 
F a i l u r e  o f  r edundan t  i t em * 

3 

A t t i t u d e  c o n t r o l  loss 
Cabin r u p t u r e  
C o n t r o l  s y s t e m  f a i l u r e  
E l e c t r i c a l  power s o u r c e  

L i f e  s u p p o r t  s y s t e m  f a i l u r e  
P r o p u l s i o n  f a i l u r e  
RCS f a i l u r e  
S t a g i n g  f a i l u r e  

f a i l u r e  

4 

Equipment i s  t o t a l l y  u s e l e s s  

Remarks 

GE 
A 
T 

GE T 

R T A  
GE T A 

T 
GE 

* Added b y  t h e  wri ter  



ATTACHMENT A 

Manned Space F l i g h t  Program Elements  

1. Agency Management - An i n d i v i d u a l  o r  o r g a n i z a t i o n  conce rned  
w i t h  a m u l t i p l i c i t y  o f  s p a c e  programs and t h e i r  i n t e r r e l a -  
t i o n s h i p s .  

2 .  Program Management - The i n d i v i d u a l  or o r g a n i z a t i o n  cha rged  
w i t h  t h e  s u c c e s s f u l  completi 'on o f  a s i n g l e  s p a c e  program. 

3 .  Space V e h i c l e  Design - The i n d i v i d u a l  o r  o r g a n i z a t i o n  cha rged  
w i t h  t h e  d e s i g n  o f  a complete  s p a c e  v e h i c l e .  

4 .  S t a g e  or Module Design - The i n d i v i d u a l  or o r g a n i z a t i o n  
cha rged  w i t h  t h e  d e s i g n  of  a l a u n c h  v e h i c l e  s t a g e  o r  a 
s p a c e c r a f t  module.  

5.  System Design - The i n d i v i d u a l  or o r g a n i z a t i o n  r e s p o n s i b l e  
for t h e  d e s i g n  o f  a l a u n c h  v e h i c l e  o f  s p a c e c r a f t  s y s t e m ,  
s u c h  as a n  e l e c t r i c a l  power s y s t e m .  

6 .  Component Design - The i n d i v i d u a l  or o r g a n i z a t i o n  charged  
w i t h  t h e  d e s i g n  o f  a small u n i t  or assemblage  o f  p a r t s ,  
s u c h  as a n  e l e c t r o n i c  a m p l i f i e r  o r  a c o n t r o l  v a l v e .  

7 .  Mis s ion  P l a n n i n g  - The i n d i v i d u a l  or o r g a n i z a t i o n  cha rged  
w i t h  p l a n n i n g  of' s p a c e  m i s s i o n s ,  p r o c e d u r e s ,  and c o n t i n g e n c y  
o p e r a t i o n s .  

8. S a f e t y  E n g i n e e r i n g  - The i n d i v i d u a l  or o r g a n i z a t i o n  cha rged  
w i t h  a n  ove rv iew o f  t h e  s a f e t y  a s p e c t s  of  a program. 
S a f e t y  E n g i n e e r i n g  may p r a c t i c e  t he  "System S a f e t y "  d i s c i -  
p l i n e .  
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